
 

Dr. Darrel Williams 
Global Science & Technology, Inc. (GST) 

2015 International Workshop on Evapotranspiration Mapping for Water Security 
September 15-17 / The World Bank / Washington, DC 

 



2 

Outline of Talk  

•  Importance of Landsat and impact of cloud cover on ability to 
acquire sufficient Earth observations – need many more assets in orbit 

• Why investigate small satellite solutions? – much lower cost 

•  Chronology of events since mid-2010 when our Landsat Smallsat 
concept development activities were initiated 

-  Goal has been to maintain current performance, but lower cost significantly 

•  Received ’15 funding via NASA’s Sustained Land Imaging program 
to evolve Smallsat compatible instrument designs  

-  Specific to ET retrievals, Utah State University’s Space Dynamics Lab’s (SDL) 
Thermal Earth Resource Monitoring Instrument (THERMI) concept fulfills all 
Landsat 8 TIR performance requirements but at improved 60m spatial resolution  

•  Summary thoughts 
-  Smallsat potential for reliable ET retrievals is high; the predominant limitations are 

out dated perceptions and politics 
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Importance of Landsat 

Landsat ranked 3rd, only behind GPS and weather radar. 
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An example assessment of daily cloud cover using MODIS “Landsat-sized 
chips” for growing season months – June, July, August & Sept in DC area.  

Note:  “8 day / week” calendar being shown due to 8-day repeat with Landsat’s 5 and 7 orbits; 
images highlighted by red and yellow border correspond to actual Landsat 5 and 7 obs dates. 

June July 

Aug Sept 

Clear   
rank = 1 

Mostly Clear 
rank = 2 

Mostly Cloudy 
rank = 3 

Cloudy 
rank = 4 

•  Visual assessment of cloud cover in MODIS “Landsat sized” chips (see center column above)  
•  Each image assigned rank of 1 - 4 based on cloud cover in chip – then over an 8 yr period we assessed 
  ability to create a cloud-free mosaic product if we had 1 day repeat coverage, 2 day repeat, and so on. 

How often do we really need to observe? 

ANSWER:  FOR MOST VEGETATED REGIONS WE NEED DAILY REPEAT 
COVERAGE TO CREATE WEEKLY CLOUD-CLEARED DATA SETS! 

Journal article currently in review at Remote Sensing of Environment. 
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Repeat Cycle Reliable Clear Views 
1 day Weekly 
2 days Bi-weekly 
4 days Monthly 
8 days Seasonal (quarterly) 
16 day Annual (sometimes) 
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Why Investigate Smallsat Solutions? 

•  Spaceflight mission costs heavily driven by mass, volume & power 

•  Economic environment / budgets are stressed nationally / globally 
•  Complexity & cost of Earth obs missions have risen dramatically 

•  Sen. Barbara Mikulski, Chair, Senate Appropriations Committee: 

“We need to see more Chevy-priced mission concepts, not just Cadillac-
priced missions with uncapped cost growth” [April ’10 SpaceNews article] 

•  Technology evolution as demonstrated by smart phones, laptops, 
tablets needs to be embraced (smaller size, much lower power demands, 
greater capability)  

- Smallsats offer a pathway for quicker adoption of new technologies at 
significantly lower cost, while also providing insurance against crippling   
data gaps 
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My Background and Chronology of 
Activities re: Developing Smallsat Solutions 

•  35-yr NASA career, ~20 yrs as Landsat Project Scientist 

•  Realization that NASA New Millennium Program EarthObserver-1, 
a smallsat, still operational well beyond its 1 yr design life (~14 yrs) 

•  Transitioned from NASA to private sector (GST) in Feb ’10  
- Wanted to ask questions, get candid answers w/o the sales hype  

•  Conducted exhaustive review of existing low-cost Earth imagers 
and small satellite missions  
- Always asking: Does something reliable already exist that could, with the 

right adjustments, be morphed into a viable Landsat mission? 

•  Evolution of improved imaging capabilities by Surrey’s Disaster 
Monitoring Constellation (DMC) was noteworthy 

• GST & Surrey US teamed and began to evolve a viable concept 

- NASA’s Earth Venture-2 Announcement of Opportunity, issued in March ’11,  
sharpened our focus and sense of urgency 

- Developed fully compliant VNIR/SWIR solution; proposal submitted Sept ’11  
-  did not include thermal imaging capability at that time 
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NASA Sustained Land Imaging 
Instrument Study Requirements  

•  Jumping forward in time 
- During the interim, we responded to Landsat related RFIs issued by USGS, NASA & OSTP 
- Added highly regarded thermal imaging capabilities of Space Dynamics Lab to our Team 

•  Early ’15, Team SST-US was one of six groups that competed for 
and received study money via NASAs Sustained Land Imaging 
(SLI) Office to conduct a six month study to evolve small instrument 
conceptual designs, decisions and trades. 

•  Primary intent of studies was to design much smaller 
instrument package(s) that could meet stringent Landsat 8 
performance requirements for both the Operational Land Imager 
(OLI) and Thermal Infrared Sensor (TIRS) 

•  NASA provided Landsat 8 OLI and TIRS requirements spread-
sheets to SLI selectees, who were required to: 
- Develop radiometric math models and conduct detailed analyses including SNR, dynamic 

range, absolute radiometric uncertainty / stability, pixel-to-pixel uniformity, optical design 
-  Perform analyses including relative edge response, geometric and spatial error budget 
-  Perform stray light analyses for both diffused/scattered and ghosting/coherent stray light 
- Document relative spectral and out of band responses   
- Conduct end of life degradation performance analyses 
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Team SST-US SLI Solution 

•  Team SST-US started with two existing instrument concepts   
- Surrey’s TrueColor and SDL’s TIR imager 

•  Investigated combining the telescopes but concluded that 
two separate telescopes / imagers were needed to provide 
desired Landsat 8 performance  

•  Our final VNIR/SWIR and TIR instrument designs 
- Meet all Landsat 8 performance requirements 
- Meet Smallsat accommodation (on an SSTL-300 bus) and 
   ESPA Grande (secondary) launch requirement  
-  Instruments are shown on an SSTL-300 bus/ESPA Grande ring 

•  Est. cost for whole mission provided to NASA 
- Expected to be ~1/4 cost of Landsat 8 
- VNIR/SWIR instrument expected to be ~1/4 cost of OLI  
- SDLs TIR instrument expected to <1/4 cost of L8 TIRS 

•  Details of SDL’s THERMI imager on following slides 
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Space Dynamics Lab TIR Solution 

•  We have openly shared our Smallsat imaging solutions with 
the community – the other 5 Teams have not been nearly as transparent 

- Presentations of SST-US VNIR/SWIR and SDL TIR imagers at JACIE 2015 
- Presentation of SDLs THERMI study details at SPIE (following slides) 
- Publication of SDLs THERMI details in forthcoming SPIE paper (ref. below) 

Objective: Minimize SWAP and meet L8 performance requirements 
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‘Quad’ charts included to convey level of design detail, analyses, etc. 
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•  “Smallsat technology has progressed far enough (that) … there  is no 
technical reason why smallsats can’t equal the performance and reliability 
of traditional satellites” … observation by Dr. Bryant Cramer (New Millennium Prog Mgr) 

•  “Why are we only building and launching IBM 360 mainframe computer 
equivalents in an era of laptops, IPAD’s and smart phones?” observation by 
Prof Samuel Goward (UMD) 

•  IMHO, a smallsat solution should be embraced immediately as an 
augmentation to Landsat 8 and 9 
-  adding such a mission would yield more frequent coverage and serve as 

relatively low-cost insurance against a crippling data gap 
-  if shown to provide acceptable performance, as we expect, smallsat solutions 

should become the new norm for sustained land imaging 

•  Smallsat potential for reliable ET retrievals is high; the predominant 
limitations are out dated perceptions and politics 

Summary Thoughts 
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Making the Case for Smallsat Solutions 


